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INTRODUCTION 
There a re c e r t a i n t r a n s i t i o n metal c h e l a t e s which a re 
capable of binding molecxilar oxygen r e v e r s i b l y and a re knovm as 
o x y g e n - c a r r i e r s . These a re ex t r ane ly important for t h e ex i s t ence 
of l i v i n g organisms and p lay very s i g n i f i c a n t r o l e in the r e s p i -
r a t i o n p r o c e s s . They a r e foiMd in a l l t h e l i v i n g organisms, both 
in p l a n t s and an imals . The r epor t ed n a t u r a l o x y g e n - c a r r i e r s a r e 
hemoglobin, found in mammals, b i r d s , f i s h e s and i n s e c t s , myoglobin 
in a v a r i e t y of v e r t e b r a t e s and i n v e r t e b r a t e s , e r t h rocnao r in in 
s n a i l s and e a r t h worms, hemerythr in and ch lo roc ruo r in in marine 
worms and hemocyanin in mollusks and a r t h r o p o d s . These oxygen-
c a r r i e r s absorb t h e molecu la r oxygen from atmosphere d i r e c t l y , and 
ca r ry i t t o a l l p a r t s of t h e body. The complicated chen i ca l 
s t r u c t u r e s of n a t u r a l o x y g e n - c a r r i e r s p r e s e n t many d i f f i c u l t i e s in 
l inders tanding t h e i r physico-chemical p r o p e r t i e s and oxygenation 
mechanisms. There fore , a t t empts were made t o p r epa re some model 
compounds, known as s y n t h e t i c o x y g e n - c a r r i e r s , f o r i n v e s t i g a t i n g 
physico-chemical p r o p e r t i e s by chemical and p h y s i c a l methods. 
The absorbed oxygen by s y n t h e t i c o x y g e n - c a r r i e r s can be l i b e r a t e d 
by adding some d i l u t e a c i d s , h e a t i n g o r bubbl ing n i t r o g e n through 
i t . 
The development of s y n t h e t i c o x y g e n - c a r r i e r s s t a r t e d when 
i Pfleffer et a l . observed that red-brown crystals of bis-sal icylal-
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dehyde ethylenedi-iminG-Co(Il)darkens on exposure to a i r . 
Five yeara l a t t e r lu 1938 Tsvunaki*^ reported tha t the darkening 
of cobaltous bis-sal icylaldehyde ethylenedi-imine was due to 
absorption of molecular oxygen from the a i r . He also reported 
tha t t h i s oxygen could be removed by heating the compound in a 
stream of carbon dioxide. La t te r Calvin et a l . - ' ° and Diehl et a l . 
studied extensively the oxygen-carrying p roper t i es of cobalt ( I I ) 
complexes with salicylaldehyde ethylenedi-imine type l igands . 
Q 
Calvin et a l . and Diehl et a l . ^ d i rec ted t h e i r study towards the 
i so la t ion and storage of pure oxygen from the a i r for the mil i taxy 
appl icat ions during the'Second World War'. M. Calvin and 
C.H. Berklew found tha t in oxygenation/deoxygenation cycles the 
o r ig ina l ac t iv i ty of cobaltous bis-sal icylaldehyde ethylenedi-imine 
was 7096 a f t e r only 300 cyc les . Therefore, the production of oxygen 
in la rge quantieis were not economical by t h i s process . A fur ther 
10 development in t h i s f i e ld came with the discovery of Burke et a l . 
t ha t the aqueous cobalt ( I I ) - h i s t i d i n e chelate combined revers ibly 
with molecular oxygen. This was the f i r s t synthet ic compound 
capable of carrying oxygen in aqueous so lu t ion . After s i x t i e s a 
la rge number of research workers focussed t h e i r a t t en t ion on synthe-
t i c oxygen-carriers and directed t h e i r s tudies towards i t s c a t a l y t i c 
11-12 p rope r t i e s . A.E. Kar te l l and coworkers reviewed a la rge number 
of synthet ic oxygen-carriers and t h e i r physico-chemical p rope r t i e s . 
Other workers >Ao made major contr ibut ion in t h i s f i e ld are R.D. 
13 14 
Jones and coworkers , L.H, Vogt, J r . , & coworkers and J . 3 . 
Valentine^ ^. 
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I n i t i a l l y t h e s y n t h e t i c o x y g e n - c a r r i e r s were used f o r 
i s o l a t i o n and s t o r a g e of molecular oxygen f o r m i l i t a r y iJuiTpoaea. 
But l a t t e r i t got p o t e n t i a l a p p l i c a t i o n s In i n d u s t r i a l p r o c e s s e s , 
c a t a l y s i s and ox ida t ion of o rgan ic molecu les . In i n d u s t r i e s 
meta l dioxygen complexes a re used t o o x i d i z e t h e v a r i o u s o rgan ic 
and inorgan ic s u b s t r a t e s which normally do no t r e a c t with mole-
c u l a r oxygeoa under mild c o n d i t i o n s and in absence of c a t a l y s t s , 
f o r example, su lphur d i o x i d e , carbon d i o x i d e , carbon monoxide, 
carbon d i s u l p h i d e , a ldehydes , ke tons and t r i p h e n y l - p h o s p h i n e s . 
NKRNO^O^ * APPh3 ^,,^,6^,7^,>8Ni(RNC),(PPh3), . 20PPh3 
Ni(FNC)^0^ + 4FNC > Ni(RNC), + 2RNCO 
2 2 ref.16,17,18 ^ 
where R => Methyl group. 
^ ( N H 3 ) 5 C o ( 0 2 ) C o ( N H 3 ) 3 7 5 + ^ 2 S 0 ^ - _ ^ ^ C o ( N H 3 ) 5 ( 3 0 ^ ) 7 ^ 
+ Co^"^+ 30^"+ 5NH3 
Oxygen-car r i e r s may be employed f o r t h e p roduc t ion of HO 
e i t h e r by a d d i t i o n of aqueous ac id o r e l e c t r o - r e d u c t i o n of i t s 
20—21 dioxygen complexes , The dioxygen become s t rong oxidant and 
a c t i v a t e d when coord ina ted t o metal c h e l a t e s and t h e s e metal 
22 
c h e l a t e s c a t a l y z e many ox ida t ion r e a c t i o n s . J . Costa e t a l . 
showed p o l a r o g r a p h i c a l l y t h a t paramagnet ic coba l t -d ioxygen 
complexes a r e f a s t e r o n e - e l e c t r o n s ox idan t s than f r e e dioxygen 
- 4 -
or nonHDxygenated cobalt ( I I ) complexes. I ron ( I I I ) complexes 
l i k e i ron(I I ) -porphyr in , i r on ( I I I ) tetraphenylphosphine and 
i r o n ( I I I ) meso-tetra (3-pyridyl) porphine adsorbed on the 
graphi te electrode, catalyze, the formation of HpO from Op via 
21 HpOp as an Intennediate . Mononuclear coba l t ( I I ) porphyrine 
complex catalyzes the reduction of 0^ to H^O- "^  , 
The most important c a t a ly t i c oxidation react ions on 
coba l t ( I I ) dioxygen complexes cover the oxidation of methyl 
aromatics, such as p-xylene to t e reph tha l ic ac id . The au to-
oxidation of hydrocarbons, in genera l , exhibi ts some radica l 
process cha rac t e r i s t i c s and proceeds in th ree s t e p s . 
( i ) formation of the cobalt-dioxygen complexes. 
( i i ) hydrogen migration to the dioxygai ligand leading to the 
formation of R* and RH. 
( i i i ) formation of the product with the r^generatim of the 
ca ta lys t by s p l i t t i n g of the Co-0 bond. 
The above process can be represented schematically as 
follows; ( I ) 5 
OOH* 
(iii) 
^-cox^(02)7^" 
£'CoX^(OOH) • ' ^" 
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24 S.A. Bedel l and A.E. M a r t e l l r epo r t ed t h e ox ida t ion 
of 2 , 6 - d i - t e r t - b u t y l p h e n o l ca t a lyzed by t e t r a k i s ( b i p y r i d y l ) 
( u - p e r o x o ) ( li-hydroxo) d i c o b a l t ( I I I ) and proposed t h e o x i d a -
t i o n scheme as I I . 
Phthalocayanflt-to coba l t c a t a l y z e s t h e ox ida t ion of a l d e -
25—28 hyde and o t h e r o rgan ic s u b s t r a t e s l i k e cumene and a c r o l e i n . 
The f i r s t s t ep i s t h e fonnat ion of meta l dioxygen complex which 
in t u r n i n i t i a t e s t h e ox ida t ion p rocess by a b s t r a c t i n g t h e hydro -
gen atom from t h e s u b s t r a t e . This i s followed by a s e r i e s of 
r a d i c a l r e a c t i o n s l ead ing t o i n s e r t i o n of oxygen in t h e s u b s t r a t e . 
29 50 C o b a l t - N , N * - b i s ( s a l i c y l i d e n e ) e thylenediamine ^* and 
31 
c o b a l t - t e t r a p h e n y l p o r p h y r i n c a t a l y z e t h e ox ida t i on of i ndo le s 
by i n s e r t i n g dioxygen. This dioxygen comes from t h e c o b a l t -
dioxygen complex. 
rr C o ( s a l e n ) , Op 
Binary copper ( I ) complexes wi th 2 , 2 * - b i p y r i d i n e , 4 , 4 ' -
d i m e t h y l - 2 , 2 ' - b i p y r i d i n e , 2 , 2 ' , 2 " - t e r p y r i d i n e and e thylenediamine 
and t e r n a r y copper ( I ) complexesoontalning 2 , 2 ' - b i p y r i d i n e and 
( i - d i k e t o n a t e s c a t a lyze t h e reduc t ion of Op t o HpO and t h e o x i -
d a t i o n of primary and secondary a l c o h o l s t o aldehydes and k e t o n e s , 
r e s p e c t i v e l y . 
02 l!%L,Co'^  
j4 .^'6-0-H 
OH 
HO.* [L^Co(OH)] 
I 
I/2H2O2M/2O2 
Oxygen complex formation 
equilibria 
Rodicai Initiation 
I I I I I I 
0 CoLj^LjCo^-^LjCc?' ' ' 
•1/2 O2 
0 - 0 
HjO C0L2* 
HxO 
[Oxidative coupling] 
OH 
LjCp' P0L2 
•0' 
H 
Oxygen insertion 
3 ^ 0 - 0 LjCo-' 
t ^ 
[LjCoCOH)] 
Scheme II 
^ = ' • ' ' dl t e r t - b u t y l phenol 
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°2 I VT Cu complex ^^^^ y 0 - adduct 
R ^ ^ R 
2 ,^C • 0 + H^O 2 CB - OH 
R^ 2 j ^ / / 
The ox ida t i on of t o l u e n e t o 0 «• and p - c r e s o l i s p o s s i b l e with 
32 the use of n i c k e l ( I I ) dioxopentaamine complex as c a t a l y s t . 
The n i c k e l ( I I ) dioxopentaanlne complex binds dioxygen end- on 
as 1:1 (meta l : d ioxygai ) complex \Aiich in t u r n ox id ize i t o l u e n e . 
Ce r t a in o rgan ic compoxjnds t h a t have oxygen-carrying 
p r o p e r t i e s with t r a n s i t i o n meta l s undergo hydroxy la t ion and 
o x i d a t i v e hydrogenat ion r e a c t i o n -^  ^ e . g . 1 , 9 - b i s ( p y r i d y l ) -
2 , 5 , 8 - t r i a z a n o n a n e and 1 , 1 1 - b i s ( 2 - p y r i d y l ) - 2 , 6 , 1 0 - t r i a z a u n d e c a n e 
with c o b a l t ( I I ) undergo o x i d a t i v e dehydrogenat ion of t h e coo r -
d ina t ed amines t o Imines conjugated t o t h e p y r i d i n e r i ng and 
coord ina ted t o c o b a l t ( I I ) with t h e formation of u-peroxo 
br idged c o b a l t ( I I ) dioxygen complex as an i n t e r m e d i a t e . 
For a b e t t e r unders tanding of t h e n a t u r e of oxygen-
ca r ry ing p r o p e r t i e s of t r a n s i t i o n metal c h e l a t e s i t i s worth 
whi le t o d e s c r i b e t h e p r o p e r t i e s of molecular oxygen and i t s 
behaviour as a l i g a n d . 
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NATURE OF OXYGBN 
The molecular orbital theory explains the bonding between 
2 4 the two oxygen atoms (2s 2p ) to give a paramagnetic molecular 
orbital. The ground state of molecular oxygen has a triplet 
state ( £r ) with two unpaired electrons occupying a pair of 
S 
degenerate 7r antibonding orbitals. 
0 O^ O 
;i 
'•'••---.._JL.---'-""' 
(Fig. 1: MOLECULAR ORBITAL DIAGRAM OF 0^) 
The two lowest excited states A and ^* are formed by 
the redistribution of the two antibonding, 2p7f* orbital electrons. 
The relative energies for the ground state and the first two 
- 9 -
excited states ar*e shown in Fig. 2. 
's; © 
'A, ® 
•«• © 
© 
O ! 
37.5 kCal /mol 
23.4kCal Vmol 
© 1 
(Fig. 2) 
The molecular orbital description of the ground state of 
0_ is presented as 
, * x 1 r J 02KK(2sc^)2 (2saJ)2 (2p(y^)2(2p;r^) (2p TT^ ) ' (2p rr^) 
where KK Indicates that the K shell of two oxygen atoms are filled, 
According to the molecular orbital theory the bond order 
for the oxygen molecule is two and has a vacancy for the addition 
of single electron in both the antibondlng 2pTT* orbitals. The 
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a d d i t i o n of one o r two e l e c t r o n s t o a dioxygen molecule r e s u l t s 
i n t h e fonnat ion of t h e superoxide (Op) and perox ide (Or ) 
a n i o n s , r e s p e c t i v e l y . The bond o r d e r s of superoxide (Op ) and 
pe rox ide (Op ) anions a r e 1.5 and 1.0, r e s p e c t i v e l y . The re fo re , 
t h e bond l eng th and bond ene rg i e s a r e in t h e o r d e r 0 \ 0Z\ 0^' 
In b i o l o g i c a l systems oxygen i s reduced t o form water wi th 
t h e p roduc t ion of a l a r g e q u a n t i t y of energy 
O2 + AH"^  + he ^ ^AH^O 
( a t pH, 7 .4 £ » 0 . 7 9 AG =72.9K Cal/mol) 
The reduc t ion of 0^ **^  ^p^ proceeds with a s e r i e s of s t e p s 
throiigh t h e t r a n s f e r of one o r two e l e c t r o n s on each s t e p . The 
subsequent s t e p s of e l e c t r o n t r a n s f e r a r e 
X + 0^:^=^ X.O2—^—> X O ^ — ^ X ( H 2 0 2 ) — ^ ( X ) 6 H 
H^O 
where X i s oxygen-carrying metal c h e l a t e s . The o x y g e n - c a r r i e r 
a c t i v a t e s t h e reduc t ion of 0 t o HO s i n c e 0 i s r e l a t i v e l y i n e r t 
- 11 -
DiOXYGaj AS LIGAND 
After the absorption of molecxolar oxygen the oxidation 
s t a t e of meteil increases and the de local lza t ion of electrons 
takes place from metal to the dioxygen. Thus only those metal 
chelates absorb molecular oxygen which has reduced oxidation 
s t a t e . As a r e su l t of t r ans f e r of e lectrons from metal to d i -
oxygen, the dioxygen i s reduced to superoxide (Op ) o r pe r -
oxide (0- ) ion, d€?)ending upon the dioxygen to metal r a t i o s . 
0---0 p^o^"" 
M M 
Superoxide Peroxide 
The dioxygen to metal r a t i o 1:1 favours the formation of 
44-45,66 
superoxide complex and t r ans fe r of one electron take 
place from metal to dioxygen. While, the dioxygen to metal r a t i o 
38 45-49 1:2 r e s u l t s in u-peroxo formation * "^  ^ with the t r ans fe r of 
two e lec t rons . For revers ib le oxygenation the t r ans fe r of electixjn 
from metal to dioxygen i s generally incomplete. 
METAL DIOXYGEH COtPLEXES 
A la rge number of metal chelates l i k e iron ( I I ) dimethyl-
52 50 51 "^ 
glyoxime , nickel(II) dimethylglyoxime^ ,manganese(II) phthalocyanine 
- 12 -
e t c . are reported which binds atmospheric oxygen revers ib ly . 
Cobalt with a la rge number of l igands such as amino ac ids , 
d ipept ides , phthalocyanine, porphyrins and o ther organic 
molecules is reported to be oxygen-carrier . These oxygen-
ca r r i e r s absorb molecular oxygen from atmosphere and form 
metal dioxygen complexes, Cobalt(II) chelates nonnally form 
2:1 p-peroxo bridged complexes with molecular oxygen but when 
the chelating agent has an Insuff ic ient number of cooixiinating 
groups or present in insuf f ic ien t concentration to sa tu ra te the 
53-59 coordination s i t e s of cobalt ion, a second bridge i s formed •^'^, 
53—57 58 
The second bridge may be a hydroxo a jLi-amido(II) or 
5Q 
u-en-^'^(III) br idges . Several coba l t ( I I ) chelates such as 
Co(bipyridyl)2» Co(1,10,0-phenanthroline)2 form monobridged 
dioxygen complex at low pH and u-peroxo Ha-hydroxo dibridged complexes 
a t higher pH^^"^^. 
3+ 
(/v//3)^a': 
0-6: 
^/V' 
K 
)Co (^^$\ 
( I ) (II) 
- 13 -
K-
N-
^N 
V" 
, ' ^ -
.N 
0 
"NH' 
V 
/y-
I 
a N 
NH^ 
'j-f 
•N 
M 
( I I I ) 
Macrocyclic ligands^^"^^ e .g . 7,19,30 t r ioxa-1 ,A,10 ,13 , 
16,22,27,33-octaazabicyclo ^ 1 1 , 1 1 , 1 1 ^ P e n t a t r i a c o n t a n e ^ losm 
the dibridged cjomplex by intramoleoular bridge formation. 
X - X - X - X - X - X - X - X 
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POLAROGRAPHY 
J. Heyrovsky in 1922 introduced the technique called 
polarography by using dropping mercury electrode (DME) in place of 
platinum electrode in voltammetry. In this technique current is 
measured with increase in voltage and as a result the current-
voltage curves obtained are called polarograms. 
The DME consists of a glass capillary attached to a mercury 
reservoir. Drops of mercury fall from the orifice of this 
capillary at a constant rate, usually between 10 and 60 drops/min. 
At the slow rate of voltage scanning, generally used in polaro-
grftphy - about 50 to 200 mV/min - the change of potential of the 
DME during the life of single drop can be neglected. Thus the 
current measured on each drop can be considered to be obtained 
under potentiostatic conditions. The current-voltage curves 
obtained with the DME are highly reproducible due to every mercury 
drop is fresh, clean and practically unaffected by electrolysis 
at earlier drops. The small current and the small areaof the 
electrode makes the possibilities of reproducing a large number 
of polarograms (100 polarograms for 20 ml solution) without notice-
able change in the curve. Mercury is chemically inert in most 
aqueous solutions and the reduction of many chemical npecies can 
be studied by this electrode. 
Supporting electrolytes are required to decrease the 
resistance of the solution and to ensure that the electroactive 
Contact 
Ring Stand 
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PLATINUM 
CONTACT 
— Copptr L»ad wire 
— Glass Tubi'ng 
M»rcury 
Platinum wlr» 
^ ^ i g j ^ M # r c u r y Pool R»ferenc» Electrode 
Fig. 1 IH4E and simple polarographic c e l l . 
species move liy d l f f u s l ^ and not by e lec tr ica l migration In the 
voltage f i e ld *cros« the c e l l . The si?>portlng e lectrolytes may 
be strong acids (hydrochloric, sulphuric), strong bases (sodium or 
Lithium hydroidde) or neutral sa l t s ( e .g . chlorides, perchlorates, 
staphates, ni trates of either alkal i metals or tetraalkyl ammonium 
ions ) . The buffer solutions also act as supporting e lectrolytes . 
- 16 -
The tota l concaQtration of supporting e lectrolyte i s usually 
between 0.1M and 1M, which should be at least 1000-fold excess 
over analyte ions. 
For a polarogram when svflpporting electrolyte i s hydro-
chlozdc acid the potential range i s limited by the reactions 
ZH'^+ae—» Hg and 2H + 2Cl" —> HggClg + 2e". Between the l imits 
a wBall residual current flows due to charging of the surface. 
For example, a negative charge applied to the Hg electrode causes 
migration of the cations of the supporting e lectrolyte upto the 
electrode surface; th i s motion produces the residual current 
(commonly termed as charging or capaoitive cuirrent). Trace 
eleotroactive impurities in solutions or in the Hg used as the 
electrode also contribute to the residual current. 
The reduction or oxidation of species in solution produces 
polarographic wave* The resulting current i s tezmed as faradaic 
current. The plateau current or l imiting current i s established 
for a reduction vAien the potential i s s\ iff iciently negative of the 
standard potential to cause a l l the analyte that reaches the e lec -
trode surface to be reduced. Quantitative applications of polaro-
graphy are generally made under conditions vdiere the l imiting 
current i s diffusion controlled. The potential at which the limit-
ing current i s one-half, i s called the half-wave potential , E^ and 
i s a characteristic value for the analyte in a given mediun. 
The limiting current i s measured as the difference between 
the plateau current and the residual current. For more than one 
- 17 -
e lec t roac t lve species , a se r i es of polarogre^hic waves wi l l occur 
and each wave can be measured from the extrapolated pla teau of 
the previous wave. 
Removal of pxygen: Oxygen i s electrochemically reducible , ptx>-
ducing a la rge reduction currents and then in t e r f e re s severely in 
polarographlc analyses. Oxygen i s reduced in two s t eps : a two 
electron reduction to HO and then a second 2-electron reduction 
to HO, Th« B^'B are a t about -0.1 and -0.9 Vvs SCE a t pH 7. 
The usual procedure for removal of 0^ i s bubbling of high pur i ty 
ni t rogen or argon through the solution for 5 to 20 minutes. 
After deaera t ion, the gas stream i s passed over the top of the 
sample to prevent oxygen from reentering the sample during the 
experiment. 
The l lkovic Equation: The current tha t flows through the polaro-
graphlc ce l l depends on the ra t e of electrode react ion and on the 
r a t e of t ranspor t of the e lec t roac t lve species to the electrode 
surface. At suf f ic ien t ly negative p o t e n t i a l , where the l imi t ing 
current i s observed, the r a t e of electrode process i s so fas t tha t 
the r a t e of t ranspor t of the species to the surface becomes the 
l imi t ing f ac to r . In absence of migration and convection, diffusion 
i s the only mode of t ranspor t and the l imi t ing current i s given by 
^1 - nFAD( •ac4x)x= o (1) 
where 
A » area of the electrode 
D = diffusion coeff ic ient of the e lec t roac t lve species 
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( ^^ /2sv )x»o • ^°'^°* gradient of the e lec t roac t ive 
species at the electrode surface. 
X « dis tance from the electrode surface. 
The DME is ' v i r t u a l l y spherical and i t s volume can be 
calculated from the r a t e of flow of mercury, m (in mg/sec) , 
the time (in sec . ) measured from the beginning of drop growth and 
the densi ty of mercury. From the volume^ radius can be ca lcula ted , 
vdiioh in t u r n , wi l l give the surface area 
A . 0.852 (mt ) ^ / ^ (2) 
Solution of equation (1) and the appropriate form of P i ck ' s second 
law of diffusion y ie ld the Ilkovic equation 
where 
i . « diffusion current in microampere 
2 
D « diffusion coeff ic ients in Cm /Sec 
C a analyte concentration in mM*. 
This equation (3) gives the average cur rent , observed 
during the l i f* of each drop. The avei*age current can be used for 
quan t i t a t ive ana lys i s , since i t i s d i r e c t l y proport ional to the 
concentration of the substance being reduced. The measurement of 
ijj fo r known n,can be used to ca lcu la te diffusion coef f ic ien t . 
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In a polarographic c e l l various types of currents eg. 
d i f fus ion , k i n e t i c , adsorption and c a t a l y t i c cun:ent,rUiw and th^y 
can be dist inguished by observing the change in wave height with 
the change of (a) concentration of thee lec t roac t ive species , (b) 
mercury colunn he igh t , (c) pH, (d) buffer concentration and (e) 
t«npera ture . 
Direct propor t iona l i ty r e l a t ion between the l imi t ing current 
and the concentration (as in 2A) i s observed for diffusion cur ren t , 
for majority of k ine t ic currants and for some c a t a l y t i c currents 
(eg, tl^ose involving regeneration of a reducible metal iorad, Limit-
ing dependences (Fig. 2B, 2C) are observed for adsorption and some 
c a t a l y t i c cu r ren t s . 
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Varying the height of mercury column (h) above the orifice of 
capillary provides a useful criterion for the distinction of various 
possible currents. Diffusion currents are directly proportional to 
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h' K 1 n e t 1 c currents are independent of h , adsorption 
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Fig. 3 Variation of different currents with the height of 
mercury oolimn 
currents are directly proportional to h (Fig. 3). The dependence 
of adsorption currents (ia ) on h should be measured at concentra-
tion where the current is concentration independent. Equation (3) 
1/6 
shows tha t diffusion-l imited currents vary with time as t . 
The ra te of homogeneous react ions responsible for k ine t i c and 
c a t a l y t i c currents depends on the volume of the so lu t ion . Since 
the react ions of i n t e r e s t occur near the e lec t rode , the relevant 
2/3 
volume i s proport ional to the area of the electrode i . e . (mt) 
1/3 
Thus the k ine t i c and c a t a l y t i c currents are proport ional to t 
Adsorption-limited currents are proport ional to the r a t e 
a t which fresh mercury surface appears. 
i^cC^iratf/^c^t''/^ (4) 
The residual or charging current i s also l imited by the 
r a t e a t which the fresh electrode surface i s fonned i . e propor-
t i ona l to t ' ^ / ^ . These fac t s are of considerable help for the 
iden t i f i ca t ion of various cu r r en t s . Since diffusion currents 
increase with time ( t ' ' / ^ ) and charging current decrease ( t -) ^ 
measurement of the currents l a t e in the drop l i f e gives a b e t t e r 
s e n s i t i v i t y than measurement of average current o r the current 
early in the drop l i f e (Fig. 4 ) , 
z 
UJ 
3 
O 
A TIME B TIME 
Fig. h Solid l i ne s - Faradaic current ; 
dashed l ines - Charging cur ren t . 
Curve A - for 1 mM solut ion; 
Curve B - for 0.2 mM solut ion; 
Curve C - for 0.3 mM solu t ion . 
C T I M E 
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Polarographlc Waves of Simple Metal Ions 
The electrode reaction can be represented as 
r^"^+ne + Hg » M(Hg) (1) 
where M(Hg) I s the amalgam fonned at the surface of the mercury 
drops . For a rapid and revers ib le react ion the po t en t i a l a t 
every point on the polarographlc wave i s r ^ r e s t n t e d by 
where C, la the concentration of amalgam formed on the sxirface 
a 
of the mercury drops. Cg is the concentration of the reducible 
metal ions in the layer of solution at the surface of the drops, 
Fa ^^^ Fg are the corresponding activity coefficients and a^ 
is the activity of mercury in the amalgam. E is the standard 
potential of the amalgam. 
o C«Fa 
When -J i s equal to un i ty . The amalgam fonned 
^ g ?^a 
a t the dropping electrode are very d i l u t e and thus keeps a^ 
v i r t u a l l y constant . Equation (2) can be writteii as 
d.e ^ nF r" F (^) 
s "^ s 
where the constant ^ i s equal to E** + RT/nF In a^ . 
a ng 
The signs of E^^^ and E^ wi l l be taken to be pos i t i ve 
when the dropping electrode i s pos i t i ve to the p a r t i c u l a r reference 
electrode used, and vice-versa . 
- Z'j -
In presence of excess of supporting electrolyte the 
reducible ions reach the surface of the dropping electrode only 
by diffusion, and the values of C_ and the current are governed 
3 
o 
by the rate of diffusion. In order to express C as a function 
of the currentJ Heyrovsky and Ilkovic assumed that the rate of 
diffusion was directly proportional to the difference in concen-
tration between the depleted surface layer and the body of the 
solution. On this basis the current at any point of the wave is 
given by 
^ = ^ s ^  ^s - < ) (^ ) 
where C i s the constant concentration of the metal ions In the 
s 
body of the so lu t ion . The propor t iona l i ty constant K_ i s defined 
s 
by the Ilkovic equation and at 25°C is equal to 607n D^m^^^ t^/^. 
0 
When a constant diffusion cur rent , i . , i s a t ta ined C has 
' d s 
decreased to a value which is negligibly small compared to the 
concentration of the metal ions In the body of the solution. In 
other words, at potentials corresponding to the diffusion current 
the metal ions are reduced as rapidly as they diffuse up to the 
o 
electrode surface, C_ in eq. 4 can be neglected and we have 
s 
^d = ^ s^s 5^> 
By combining equations (A) and (5) we obtain the following 
0 
eaqpreasions for C_ at any point on the polarograqphic wave. 
s 
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i id - i 
or 
i. - i 
C3 . C^ ( ^ r — ) (7) 
e 
The value of C decreases in direct proportion to the increase 
o 
S 
in the cur ren t . At the midpoint of the wave where i » ^A/O ^ 
i s equal to one half of C and so for th for the other points on 
s 
the wave. These r e l a t i o n s ai?e based on the assunptions t ha t the 
concentration gradient between the e lectrode and the solution iH 
l i n e a r . However, the diffusion layer around the mei*cary drop ia 
so th in (about 0.05 mm) and the diffusion time so shor t , tha t the 
curvature of the concentration gradient i s neg l ig ib le and no serious 
e r ro r r e s u l t s from assuming tha t i t i s l i n e a r . 
The concentration of the amalgam forooed at any point on the 
wave i s d i r ec t l y proport ional to the cur ren t . 
C; - K i . ^ (8) 
where the constant K has the same fonn as K and depends in the 
a s 
same way on the proper t ies of the cap i l l a ry and the r a t e of flow 
of mexxjury, except tha t i t i s a function of the diffusion coefficent 
of the metal atoms in the amalgam ra the r than tha t of the metal ions 
in the so lu t ion . 
When the r e l a t ions (6) and (8) are subs t i tu ted into 
equation (3) we obtains 
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=d.e- ^ - H F - I " T X " - ^ " " ^ '''-
where Kj and i are corresponding values a t any point on the 
wave. The half wave po ten t i a l Ei i s defined as the value of 
E, a t the midpoint of the wave vAiere L - i^/ , The l a s t log 
tenn in equation (9) becomes zero when i « i ^ 2 ^^^ hence we have 
^ i - ^ - J i r - ^ - 7 ^ (10) 
s a 
and equation (9) simplifies to 
This fundamental equation of the polarographic wave was first 
72 
derived by Heyrovsky and Ilkovic. 
Polarographic Waves of Complex Metal Ions 
The reduction to the metallic state (amalgam) by a complex 
ion of a metal that is soluble in mercury may be represented by 
(n-pb)+ _y, 
MX +ne +Hg^=^M(Hg) + PX ° (1) 
where M(Hg) represents the amalgam formed on the surface of the 
dropping e lec t rode , and X i s the complexing agent. I t i s 
26 -
convenient , althoiigh not s t r i c t l y necessary to regard th i s net 
react ion as the &\Ma of the two p a r t i a l r eac t ions . 
^ ( n - pb) H - _ _ ^ j^n+ ^ p j j - b ^2) 
and 
J ^ * + ne + Hg^=±M(Hg) (3) 
where M'* "*" symbolizes the "simple" or hydrated iona of t,he metal. 
The assumption of these two partial reactions is merely artifice 
and it is not intended to indicate an actual kinetic mechanism. 
The following derivations are independent of the kinetics of the 
electrode rdACtion* provided that all the intermediate steps 
are very rapid compared to diffusion rates. 
If the foregoing reactions are rapid and reversible at the 
dropping electrode I then the potential of the latter at any point 
on the wave should be given by 
o 
E^ = E* - - ^ In — S — ^ — (4) 
d.e a nF „ «* ^gS^l M 
or 
S^M 
where the constant (: is equal to E + (RT/nF ) In a„ , C is the 
concentration of the amalgam formed on the surface of the dropping 
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electrode, C^ is the cone, of the simple metal ions at the 
electrode surface, F and Fw are the corresponding activity 
coefficients, and aj, is the activity of the mercury on the 
surface of the dropping electrode. 
When the dissociation of the complex ion is sufficiently 
rapid so that equilibrium with respect to reaction (2) is prac-
o 
t i c a l l y maintained a t the electrode surface, then CL, can be 
replaced by 
0 
Six ^hx 
"^"'K^'^/^. (6) 
where K is the dissociation constant of the metal ion complex, 
c 
o o 
Cw„ and Cj, a r e , r e s p e c t i v e l y , t h e c o n c e n t r a t i o n s a t t h e e l e c t r o d e 
su r face of t h e complex metal ion and t h e complexing agent X~ , 
and t h e F ' s a r e a c t i v i t y c o e f f i c i e n t s . Therefore E q . ( 5 ) becomes 
d . e nF •" p p p nF c MX ^ 
a X 
we also have the following relations: 
^d ' ^c Six 
0 1 
M^X ' S ix • K 
c 
< • K'i - V K ^ 
^d- i 
"c 
(10) 
(11) 
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In these equations K and K are proportional to the square 
C cL 
roots of the diffusion coeff ic ients of the complex metal ions 
and the metal in the amalgam, respect ive ly . 
Since the complexing agent X i s a product of the 
electrode reaction i t s concentration a t the electrode surface li\croan«« 
with increasing cur ren t . We have 
< - Cx * P ] ^ (12) 
vAiere K is proportional to the square root of the diffusion 
-b "b 
coefficient of X and C is the concentration of X in the 
body of the solution. However, for the sake of simplicity, and 
since this is usually the case, we will assume that the solution 
originally contains an excess of X" at a concentration that is 
relatively large compared to the concentration of the complex 
metal ions. When this condition is fulfilled the quantity 
o 
p(i/Kv) in eq. (12) will be negligibly small and C can be regard-
ded as virtually a constant and equal to C . When the foregoing relations are substituted into eq. (7) 
we obtain for the equation of the wave at 25°C, with an excess o. 
the complex fonning substance present in the solution. 
The half-wave potential, Ei , is given by.-
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K_F„„ K 
^4 - < * ^ ^ 1°8 f l - -P a ^ log V ^ (14) 
a c: 
Eq.(13) i s valuable for t e s t i ng the r e v e r s i b i l i t y of the reduc-
t i o n . I t w i l l be noted tha t the concentration of the metal ion 
complex does not enter into the foregoing expression for i t s half-
wave p o t e n t i a l , and hence E^ should be constant and Independent 
of the concentration of the complex metal ion. 
From Eq.(14) the half-wave p o t e n t i a l of a complex metal 
ion should sh i f t with changing a c t i v i t y of the complex-forming 
substance according to 
= - P ^ - ^ 05) 
log C^F^ - n 
This re la t ion i s important because i t enables us to determine 
the coordination number p of the complex metal ion, and thus i t s 
formula. For t h i s purpose i t i s usually suf f ic ien t ly accurate to 
employ the concentration of X in place of i t s a c t i v i t y . From 
eq. (14) we see tha t the half-wave po ten t i a l depends on the 
logarithm of the d issoc ia t ion constant of the complex metal ion, 
and i t i s more negative the smaller the value of K , i . e . the more 
s t ab le the complex ion. Although K can be evaluated from the 
observed value of the half-wave po ten t i a l i t s e l f , i t i s usually 
more accurate to determine i t from the difference between the E i 
value of the ccanplex metal ion and t h a t of the corresponding 
30 -
of 
simple metal lon« The half^wave poten t ia l / s imple metal ion i s 
( ^ i ) 3 - ^ - ^ ^ 1°8 ^ <^^ > 
Hence from eq. (14) and (16) i t follows t h a t the sh i f t of the 
ha l f - wave po ten t i a l by complex formation shoiild obey the 
r e l a t ion : 
'^ 4>o - (^*)s - a f 2 1 1 „ , Y l ^ . p 2 ^ 10, c , . , (17) 
in which the subscript c and s refers to the complex and simple 
metal ions, respectively. For appropriate purpose eq. (17) can be 
simplified to 
(Vo-'Vs = ^ ^ logK -^p a^iogc^ (18) 
v^en a more exact result is desired the ratio K /K can be deter-
s c 
mined e^qperimentally from the r a t i o of the observed diffusion 
currents of the simple and complex metal ions at the same concen-
t r a t i o n and with a l l o ther conditions constant . 
Instead of employing K exp l i c i t y , the quantity 0.0591/n log 
c 
0 0 0 0 
K may be replaced by E - E , where E and E are, respectively, 
the standard potentials of the reactions. 
- :)^ -
j ^ ( n - p b ) ^ ^g ;^  >. M ( s ) + p X " ^ (19) 
and 
M"^* + n e ^ = ^ M ( s ) (20) 
Eq. (18) then becomes 
^SK'^h^s - < - < - P ^ ^ 1°S x^ (21) 
yhe Detemi^ttfttlon Q£ Consecutive fonoatlon Constants of Complex 
i9m ^roP ?ff;'Tfrr<?fffff>^ c^ Data. 
This method i s used for the mathematical analysis of the 
sh i f t of half-wave p o t m t i a l with l igand concentration which 
makes possible the iden t i f i ca t ion of the successive complex ions 
formed and evaluation of t h e i r formation (or d i ssoc ia t ion) 
cons tants . 
For complex ions of a metal which i s soluble in mercury, 
the reduction to the meta l l ic s t a t e (amalgam) at the dropping 
mercury electrode may be represented by 
j ^ ^ +(n-Jb) ^ ^^_ ^^ (amalgam) + jx"*^ (1) 
wh«re X* i s the complex forming substance. For convenience, 
t h i s react ion may be regarded as the sian of the p a r t i a l react ions. 
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M X ^ + ( n - d b ) _ _ ^ j ^ + n ^ j ^ - b (2) 
and 
M*" + ne V M (amalgam) (3) 
where M"*"^  symbolizes t h e simple (hydrated) metal i o n s , 11" t h e 
e l e c t r o d e r e a c t i o n s a re r e v e r s i b l e , t h e p o t e n t i a l of tiie dropping 
e l e c t r o d e i s given by 
o 
••d. e a nF 
SI F, M 
0 
where C i s t h e c o n c e n t r a t i o n of amalgam a t t h e e l e c t r o d e sur face 
o 
CL. is the concentration of simple meted ions at the electrode 
surface, and the F's are the corresponding activity coefficients. 
Since the amalgams formed at the electrode surface are very dilute 
F may be considered to be unity and will be neglected hereafter. 
If the formation of the complex ions is rapid and reversible, 
then for each individual complex 
where K^ is the formation constant of the complex MX. * 
Gwy is the concentration of the complex in the body of the solution, 
0 
Cw is the concentration of the simple metal ion in the body of the 
solution, C^ is the concentration of the complex fonning subs-
trance, and the F's are the corresponding activity coefficients.Also 
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J J 
where the zero superscripts refer to concentrations at the elec-
trode surface. It is assumed that the complex forming substance 
is present in relatively large excess so that the concentration 
of this substance at the electrode surface is virtually equal to 
the concentration in the body of the solution. 
Addition of the equations for the individual complex as 
represented by equation (6) and rearranganents of the resulting 
equation shows that 
^ ^ M = -^  —. r- (7) 
combination of equations (4) and (7) gives 
K.(C )"^ (F ) ^ 0^ x' ^ x' 
< 
F 
^MX. 
^H.. °^: --gi-m ^ .^ (8) d, e a nF 
d^ 
when an excess of suporting e l ec t ro ly t e i s present to eleminate 
t he migration current , the current a t any point on the wave i s 
given by 
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where K i s the cap i l l a ry constant, m*t ' and I . i s the 
diffusion current constant 607n D^ of complex MX.. From 
J 
the equations (5)#(6), and (9) it follows that 
o 
J. 0 0 
Where I is the apparent (measurable) diffusion current cons-
c 
tant, which is related to individual I. values by 
h - '^ )^ 
similarly, the diffusion current is given by 
d^ - ^ ^ & X , (^ 2) 
It is also known that the concentration of the amalgam at the 
electrode surface is related to the current by 
i » KIj^C^ (13) 
where L. is the diffusion current constant of the metal atoms 
In mercury. Combination of equations (8),(10),(12) and (13) 
shows that the half-wave potential of the reducible ion in the 
presence of the complex forming substance is given by 
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s imi la r considerations show tha t the half-wave po t en t i a l of the 
simple metal ion i s given by 
(El) » E" - ^ In — 2 - (15) 
^ t s a nF F T ^ -^ ^ 
The half-wave potential of the simple metal ion when its 
activity coefficient is unity is given by 
• 1 1 
combination of equations (14) and (16) gives, on rearrangement 
^,,^ K C F 
C nF * ^ / 
» a n t i l o g | o . 4 3 5 ] ^ ^\K'^^JtK * ^ ° ^ " T " / ^^''^ 
where the symbol F (X) i s introduced for convenience to represent 
the e3q)erim ant a l ly measurable quantity on the r ight hand side of 
the equation. 
We now introduce the function F^(X) defined by the relat ion-
ship* 
~ ',<i -
F^CX) - F^(X) - ( y F g ) / C / ^ (18) 
v*here IC I s the formation constant of the zero complex, 
which i s of course, i jnity. If F (X) i s p lo t t ed against C F 
and i s extrapolated to C « 0 i t i s apparent tha t the value 
of F^(X) a t the in te rcept i s equal to K./F^ ^^  . Likewise the 
value of Kp/F-,^ i s given by the value of i^Al) a t the i n t e r -
cept when the function F (X) defined by the r e l a t i onsh ip . 
F2(X) » F^(X) - ( K ^ / F j ^ ) / C^F^ (19) 
is plotted against C F and is extrapolated to C = 0 . The 
formation constants of high complexes may be determined in a 
similar manner. 
It is apparent from equation (17) that the first deriva-
tive of FQ(X) with respect to C F is equal to F^(X), when C^« 0. 
If PQ(X), including the value FQ(X) = 1 at C^ = 0 is plotted 
as function of C F , the slope of this curve at C = 0 will be 
equal to the value of F (X) at C = 0 . Similarly at C = 0 the 
slope of the curve obtained by plotting F,(X) as a function of 
C F gives a value for Fp(X) at C « 0, and so on for the higher 
complexes. Measurement of the limiting slope of the previous 
F(X) curve serves as a useful check on the value of K. obtained 
by extrapolation. 
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The mathematical fonn of the F - fimction has several 
i n t e re s t ing consequeaces. I t wi l l be observed tha t a p lo t of 
the F(X) versus C F for the l a s t complex wi l l be a s t r a igh t 
l i n e p a r a l l e l to the concentration a x i s . A s imi lar p lo t for the 
immediately preceding complex wi l l be a s t r a igh t l i n e with a 
pos i t i ve s lope, and a l l previous F-function p l o t s wi l l show 
curvatxire. These cha r ac t e r i s t i c s aid in es tabl ishing the 
niflnber of complex ions formed in a given systen and also provide 
a qua l i t a t i ve check on the va l id i ty of da ta . 
67 
D.D. DeFord and D.M. Hume developed the above re la t ions 
68 
and studied the cadmium and thiocyanate system at constant 
ionic s t rength . 
x-x-x-x-x-x-x-x-x 
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EXPEKIMFI^ TAL 
RfSAqpTS; Cobaltous n i t r a t e , AR (B.D.H.)f L - h i s t i d i n e (SISCO), 
hydrogen perox ide (E. MERCK), potassium n i t r a t e (AR), sodium 
a c e t a t e , AR (B.D.H.) and a c e t i c ac id AR (E.MERCK) were used. 
Stock s o l u t i o n s of 0.01M c o b a l t ( I I ) n i t r a t e and 0.2M 
h i s t i d i n e were prepared in sodium a c e t a t e - a c e t i c ac id buf fe r and 
in 1,0M KNO,. Sodium a c e t a t e - a c e t i c ac id buf fe r of pH 5.02 was 
go 
prepared according t o B r i t t o n ^ and was s t anda rd i zed by us ing 
E l i co LI-10 pH mete r . The suppor t ing e l e c t r o l y t e used was 1.OM 
KNO,• The s o l u t i o n of 0.03M hydrogen pe rox ide was p repa red in 
doubly d i s t i l l e d water and was s t anda rd ized i o d i o m e t r i c a l l y . 
ApPARAl^ US; The D.C. polarogram were recorded us ing s j s t ron i c s -
1632 polarograpji in conjunct ion with systronics recoixier -1501 and 
s a t u r a t e d calomel e l e c t r o d e . Observations were taken in p resence 
of oxygen as wel l as in i n e r t a tmosphere . The i n e r t atmosphere 
was ensured by pas s ing pure n i t r o g e n gas ( p u r i f i e d a f t e r bubbl ing 
through a l k a l i n e p y r o g a l l o l s o l u t i o n ) f o r about 10 t o 15 minutes 
through t h e s o l u t i o n . The c a p i l l a r y used , has a flow r a t e of 
3 .724 mg/sec with a drop t ime 2,34 s e c . 
All t h e polarograms were recorded a t t h e s a i s i t i v i t y of 
50 micro amperes (5 pA = 2,5 cm). The polarograms were recorded 
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under varying concentrations of metal ion, histidine and 
hydrogen peroxide. The nature of the limiting current was 
found to be diffusion controlled by studying the effect of 
height of the mercury column on the limiting current. 
The optical densities were measured by using Bausch & 
Lomb spectronic 20. 
RESULTS AND DISCUSSION 
Cobalt(II) ion coordinates with two molecujog of L-
hlstidine to form an octahedral complex in which each li^ a^nd is 
terdentate both in solution and in the solid state. The complex 
reacts rapidly with oxygen to form C02(Hist)^02» almost certainly 
a binuclear complex containing an -0-0-bridge. The cobalt(II) 
histidine solution is light pink and when it comes into contact 
with atmospheric oxygen its colour changes to yellowish-brown. 
On bubbling purified nitrogen through the solution, the yellowish-
brown colour disappears and the original pink colour develops. 
The preliminary experiment showed that ttie cobalt(II) histidine 
solution is a reversible oxygen carrier. The complexes have been 
11 
represented by the following structural formulae 
- ^ -
COON COOH 
The spectra of coba l t ( I I ) h i s t i d i n e complexes wpre takon In 
presence of oxygen and a f t e r deaeration with pure nitrogen gas *ui<l 
are shovna in F i g . ( 1 ) , If the complex i s kept open to the atmosphere 
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for 24 hours then the pink colour i s not restored by bubbling 
n i t rogen . But the two peaks were developed at 36o and 510 nm. 
A s imi lar spectrum was obtained when HO was added to the 
coba l t ( I I ) h i s t i d i n e solut ion in ni trogen atmospheie F i g . ( 2 ) , 
I t may be due to the formation of product s imi la r to that 
obtained by oxidation with oxygen a f t e r long standing. 
The polarograms of coba l t ( I I ) n i t r a t e using ace ta te 
buffer (pH 5.02) and KNO, showed only one wavo with fc^i a - 1 . . ' ^ 
and -1.29 v o l t s , respect ively , and were diffusion conl ro l led . 
The diffusion current was proport ional to the concentration of 
coba l t ( I I ) n i t r a t e . On adding h i s t i d i n e to the metal ion the 
reduction wave of coba l t ( I I ) shif ted towards more negative 
p o t e n t i a l and i t could not be recorded due to the in ter ference 
of supporting e l e c t r o l y t e s . This had been already confirmed by 
previous s tudies using d i f f e r en t i a l pulse polarography . A new 
anodic wave at Ei . o.21 vo l t s i s obtained for the complex ion 
which i s dependent upon the concent7'ation of coba l t ( I I ) and i s 
probably due to the anodic oxidation of coba l t ( I I ) to c o b a l t ( I I I ) , 
On recording the polarogram in presence of oxygen i t was found 
t h a t the wave consisted both of cathodic and anodic p a r t s . On 
bubbling nitrogen thix»ugh the solut ion the cathodic pa r t d i s -
appeared. This showed tha t coba l t ( I I ) complex combines r e v e r s i -
bly with oxygen to form a new compound which i s responsible for 
the cathodic wave. The number of electron involved were ca lcu la -
ted from the slope of the p lo t E, vs log =—= and was found 
- U2 -
approximately equal to unity. The anodic reaction taking place 
at the electrode, is associated with the oxidation of cobalt(II) 
to cobalt(III). 
The cobalt(III) complex is responsible for the cathodic 
wave and the electrode reaction may be represented as: 
'^hist2Co-^ -^ -'--02-Co-'--^ -'-hist2_7 | ^ 2Co-'-^ hist2 + H2O2 
A second i l l def ined ca thod ic wave a t E i - 0 . 9 3 v o l t s vs 
SCE was a l so observed which might be due to t h e reduc t ion of H 0^ 
produced in t h e above e l e c t r o d e r e a c t i o n . The number of e l e c t r o n s 
involved in t h e r e v e r s i b l e composite ca thod ic anodic wave a t 
71 El = - 0 , 2 1 v o l t s was c a l c u l a t e d us ing t h e r e l a t i o n 
tr V 0«060 - „ ^"^^d^a , ^ , , 0 ^ , 
^de ' S ' '^ ^""^ (i ) - i ^^ * ^^  ^^  
d'c 
where, ( i , ) » ca thod ic d i f fu s ion c u r r e n t 
' ^ d c 
( i , ) = anodic d i f fu s ion c u r r e n t , d'a 
The va lue of ' n ' was found t o be u n i t y . The efft^ct. oT 
h i s t i d i n e concen t r a t i on on t h e h a l f wave p o t e n t i a l id i^ jhown In 
F i g » ( 3 - 4 ) . The E, p o t e n t i a l i s found t o be s h i f t e d towards more 
n e g a t i v e v a l u e wi th t h e i n c r e a s e in h i s t i d i n e c o n c e n t r a t i o n . 
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Attempts were made to obtain the oxidized form of coba l t ( I I ) 
h i s t i d i n e complex by oxidizing i t v^ith d i l u t e hydrogen peroxide 
so lu t ion . The polarograms at d i f ferent concentrations of H2O 
are shown in F ig , (5-14) . 
I t was found tha t the E, po ten t i a l of the oxidized and 
reduced forms i s the same. The oxidized foiui itj x-edncod /.Ivini^, 
cathodic wave and the reduced form i s oxidized giving an anodic 
wave at the same p o t e n t i a l . Thus the oxidized and reduced forms 
represent a revers ib le couple with one electron t r ans fe r (Table 1 & 2) 
I t i s poss ib le to find the concentration of the two forms by measur-
ing the cathodic an4 anodic diffusion cu r r en t s . The same type of 
behaviour i s observed with the oxidized form obtained by using 
HpO as the oxidizing agent. The oxidized form obtained with HpO 
i s not decomposed by bubbling pure ni trogen gas . Further work in 
t h i s d i rec t ion i s needed so tha t d i f f e ren t i a t ion may be made betweei^ 
the two oxidized forros one which i s obtained by atmospheric oxygen 
and the o ther obtained by H-0 . 
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Table - 1 
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Cone, of Co{m^)2 = 0.002M 
Cone, of KNO, a 1.0M 
Cone, of H2O2 = 0.004M 
Cone, of 
histidine 
0.001 
0*002 
0.003 
0.004 
0*006 
0,010 
(M) 
Temp. = 34 c 
s 
- 0.18 
- 0.2 
- 0.2 
- 0.21 
- 0.21 
- 0.23 
E, with 
- 0.12 
- 0.14 
- 0.16 
- 0.17 
- 0.19 
- 0.21 
E, with 
H2O2 
- 0.15 
- 0.17 
- 0.17 
- 0.18 
- 0.2 
- 0.21 
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Table - 2 
Cone, of Co(N0j)2 = 0.002M 
Cone, of H O a O.OOAM 
Buffer - pH 5.02 
Cope, of 
h i s t i d i i i e 
0.001 
0.002 
0.003 
0 .004 
0.006 
0.01 
(M) 
Temp . 3 4 ° C 
h 
- 0 .1 
- 0.16 
- 0 .17 
- 0 .17 
- 0 .17 
- 0 .17 
E, wi th 
^2 
- 0 .07 
- 0 .08 
- 0 .08 
- 0 .09 
- 0 .1 
- 0 .12 
E, wi th 
H2O2 
- 0 .14 
- 0 .14 
- 0 .14 
- 0 .15 
- 0 .16 
- 0 .17 
x-x-x-x-x-x-x-x 
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Abstract 
Oxygen-carriers are those metal chelates t ha t can t ake -
up and re lease molecular oxygen revers ib ly . These are extremely 
important for the existence of l iv ing organisms and play a 
c ruc ia l ro le in the resp i ra t ion process . The importance of 
oxygen-carriers led the inves t iga tors to prepare some model 
compounds whose physico-chenical p roper t i es can be readi ly inves-
t i g a t e d . Such model compounds are cal led synthet ic oxygen-
c a r r i e r s . A la rge number of complexes of coba l t ( I I ) with amino 
ac ids , dipeptides and some organic molecules have been reported 
to behave as oxygen-carrier . These compounds bind molecular 
oxygen and re lease i t when heated, bubbled nitrogen through the 
solut ion or added some d i l u t e ac ids . 
Cobalt(II) ion coordinates with two molecules of L-
h i s t i d i n e to form an octahedral complex in which each ligand i s 
t e r d e n t a t e . The complex reacts rapidly with oxygen to foroa 
Co-(hist)^02 , a binuclear complex containing an -0-0-br idge, 
The solut ion of coba l t ( I I ) h i s t i d i n e in i n e r t atmosphere i s l i gh t 
pink (Amax " ''*^ '"'*) ^^^ vrfien i t comes in contact with a i r the 
colour changes to yellowish-brown (Amax " ^90 nm) and changes 
to red solut ion having two absorption maxima ( Xmax " ^^^ '^^  ^ 
510 run) a f t e r keeping the aerated solut ion over night (Fig. 1 ) , 
The oxidation of cobalt h i s t i d i n e complex with d i l u t e H2O2 
solut ioh also gives a red coloured solut ion with Amax " 360 nm 
and 910 pm. 
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The coba l t ( I I ) h i s t i d i n e solut ion in presence and 
absence of oxygen was studied polarogregphically. The nature of 
the l imi t ing current was foimd to be diffusion control led and 
the diffusion current was proport ional to the concentration of 
the complex. The values of Ei under d i f fe ren t conditions are 
shown in t ab le 1. The anodic wave i s due to the oxidation of 
coba l t ( I I ) to c o b a l t ( I I I ) . In presence of oxygen the wave 
consisted of aiiodic and cathodic p a r t s (Fig, 3 ) . The number of 
e lec t rons involved was found to be un i ty . The cathodic pa r t 
of the wave i s due to the reduction of coba l t ( I I I ) complex 
and the electrode react ion may be represented as 
/ ' h i s t ^ c J - ^ ^ - o : -Co-'--^- '-hist,_7—^ 2Co-^-^hist,+H,0 
2H '2^2 
From tjie polarogram of the oxidized and reduced |"orms i t i s 
qui te apparent tha t Cobalt(II) and Cobal t ( I I I ) form revers ib le 
redox couple with one electron t r a n s f e r . The same type of 
behaviour i s observed whei the coba l t ( I I ) complex i s oxidized 
with d i l u t e '^'f^^ solut ion (Table 1 & 2 ) . 
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Table - 1 
Cone, of Co(N0^)2 = 0.002M 
Cone, of KNO, * 1 .OM 
Cone, of H2O2 a 0.00AM 
Cone, of 
h i s t l d i n e (M) 
0.001 
0.002 
0.003 
0.00 A 
0.006 
0.010 
Temp. = 3A°C 
S 
- 0 .18 
- 0 .2 
- 0 .2 
- 0.21 
- 0.21 
- 0 .23 
E, wi th 
- 0.12 
- 0.1A 
- 0.16 
- 0 .17 
- 0 .19 
- 0.21 
E, with 
H2O2 
- 0 .15 
- 0 .17 
- 0.17 
- 0 .18 
- 0 .2 
- 0.21 
- 55 -
Table - 2 
Cone, of CoCNOj)- = 0.002M 
Cone, of HO a 0 . 0 0 ^ 
Buffer » pH 5.02 
Cone, of 
his t idine 
0.001 
0.002 
0.003 
0 .00^ 
0.006 
0.01 
(M) 
Temp *34°C 
h 
- 0 . 1 
- 0.16 
- 0 .17 
- 0 .17 
- 0 .17 
- 0 .17 
E, with 
02 
- 0 .07 
- 0 .08 
- 0 ,08 
- 0.09 
- 0.1 
- 0.12 
E, with 
H2O2 
- 0 .14 
- 0.1A 
- 0 .14 
- 0 .15 
- 0.16 
- 0 .17 
X - X -X -X -X -X - X - X 
